Objectives To establish baseline data for lymphoid neoplasm incidence by subtype for six Asian-American ethnic groups. Methods Incident rates were estimated by age and sex for six Asian ethnic groups-Asian Indian/Pakistani, Chinese, Filipino, Japanese, Korean, Vietnamese-in five United States cancer registry areas during 1996-2004. For comparison, rates for non-Hispanic Whites were also estimated. Results During 1996-2004, Filipinos had the highest (24.0) and Koreans had the lowest incidence (12.7) of total lymphoid neoplasms. By subtype, Vietnamese and Filipinos had the highest incidence for diffuse large B-cell lymphoma (DLBCL) (8.0 and 7.2); Japanese had the highest incidence of follicular lymphoma (2.3). Although a general male predominance of lymphoid neoplasms was observed, this pattern varied by lymphoid neoplasm subtype. Whites generally had higher rates than all Asian ethnic groups for all lymphoid neoplasms and most lymphoma subtypes, although the magnitude of the difference varied by both ethnicity and lymphoma subtype. Conclusions The observed variations in incidence patterns among Asian ethnic groups in the United States suggest that it may be fruitful to pursue studies that compare Asian populations for postulated environmental and genetic risk factors. 
Introduction
Asian-Americans were shown in a recent comprehensive assessment to have differing incidence of lymphoid neoplasm subtypes from Whites or Blacks [1] . Reports of specific subtypes, such as chronic lymphocytic leukemia or small lymphocytic lymphoma (CLL/SLL), have further demonstrated notable differences in incidence among Whites, Blacks, and Asians [2] . However, incidence rates in the composite population designated as 'Asian' may not reflect differences among the specific ethnic groups that compose this heterogeneous group. Indeed, there is growing evidence that specific ethnic groups possess distinct patterns of cancer incidence, including Asian Indians/ Pakistanis [3, 4] and Hmong [5] in the United States (US). However, to date, cancer incidence rates for specific Asian ethnic groups in the US have been difficult to calculate primarily because population estimates of Asian ethnic groups in the US are available only once every 10 years.
In the present analysis, we carry out the first assessment of lymphoid neoplasm incidence patterns for six Asian ethnic groups. Our primary goal was to establish baseline data from which further studies may compare, monitor trends, or use to generate hypothesis regarding the underlying etiologic mechanisms that explain the potential differences in incidence rates of lymphoid neoplasms and their subtypes by Asian ethnicity. For this analysis, we used the best-available yearly population estimates for Asian-American ethnic groups and combined them with US National Cancer Institute Surveillance, Epidemiology, and End Results (SEER) program case data defined using the World Health Organization classification for lymphoid neoplasms [1] .
Methods

Case ascertainment
In this analysis, generally, when Asian ethnic groups are referenced, reference is made only to members of these groups residing in the US, e.g., Chinese-Americans. References made to Whites pertain to White non-Hispanics in the US. Case data were obtained from SEER, for which data collection began in the early 1970s with populationbased registries in five states and four metropolitan areas, followed by later expansion to additional registries. We restricted our analysis to the five SEER registries with the largest Asian populations: Hawaii, Los Angeles, SeattlePuget Sound, San Francisco-Oakland, and San JoseMonterey. Case information was obtained from the November 2006 SEER data submission released in April 2007 [6] .
For each lymphoid neoplasm case, SEER registries report patient demographic data including age, race, ethnicity, sex, date of diagnosis, and information on the tumor histologic type, primary site, and immunophenotype (B-cell, T/natural killer (NK)-cell, or unknown). Although SEER and the US Census Bureau use the term 'race,' we substituted 'ethnic group' where possible, in consensus with others [7] [8] [9] . For the present analysis, we used population categories of Asian Indian/Pakistani, Chinese, Filipino, Japanese, Korean, and Vietnamese. We combined Asian Indian and Pakistani population data to be consistent with SEER program practices and to provide more robust incidence estimates. Although we attempted to estimate incidence rates separately for Laotians, Hmong, and Kampucheans, less number of cases did not permit further analysis for these three ethnic groups. We also attempted to estimate incidence rates and stratify rates based on available SEER place-of-birth information (US vs. foreign-born). We did not estimate incidence for patients coded in SEER registries as Asian, not otherwise specified (NOS), for lack of corresponding population estimates. We chose Whites as a comparison group because historically and currently Whites have had more reliable information available. Also, the overall Asian rate available in SEER includes Pacific Islanders and many more Asian ethnic groups than the six Asian ethnic groups examined here.
The ICD-O-3 [10] codes and immunophenotype data reported by the five SEER registries were used to categorize cases according to the WHO classification [11] . The ICD-O-3 codes, comprising each WHO disease entity considered in the current analysis, are based on Morton et al. [1] . Data on histologic type and primary site were coded according to ICD-O-2 [12] for cases diagnosed during 1996-2000 or according to ICD-O-3 [10] for cases diagnosed after 2000. The conversion algorithm employed by the SEER program translated cases coded using ICD-O-2 to ICD-O-3 [13].
Population estimates
Population estimates by county from the US Census Bureau were obtained to match with case data from two SEER registries, Los Angeles and Seattle-Puget Sound. For these areas, we used data generated by the US Census Bureau American Fact Finder for 2000 [14] . Census 2000 respondents were allowed to self-identify with one or more races. We therefore estimated a population denominator, which was the average of the single and multiple race counts. We multiplied this new 2000 average population estimate, the midpoint of the nine-year period, 1996-2004, by nine to derive the person-years at risk. For Hawaii, the Hawaii Tumor Registry supplied detailed population estimates and we used their 2000 population estimates multiplied by nine to cover our nine-year analytical period. Population estimates for Asian Indians/Pakistanis and Vietnamese were not available for Hawaii. For the San Francisco-Oakland and San Jose-Monterey SEER registry areas, population estimates, for which methods of ascertainment have been described previously [15] , were supplied by the Northern California Cancer Center. Population files and SEER case files were merged using SEER*Prep [16] to create SEER*Stat [17] databases.
Statistical analysis
We calculated incidence rates and their 95% confidence intervals (95% CI) for the period of 1996-2004 by directly age-adjusting to the 2000 US standard population using five-year age groups. We also computed incidence by age (0-24, 25-44, 45-54, 55-64, 65-74, 75+ years), ageadjusted within age-group, and by sex. We examined whether there were differences by sex among Asian ethnic groups for a given lymphoid neoplasm subtype by calculating male-to-female incidence rate ratios (M:F IRRs). Standardized incidence rates were calculated using SEER*stat software. All incidence rates are expressed per 100,000 person-years. In accordance with our SEER data use agreement, rates based on fewer than five cases are not presented to prevent the possibility of patient identification as a result of our use of targeted registry areas and the relative rarity of lymphoid neoplasms. For all ethnic groups, age-specific rates are shown for total lymphoid neoplasms and the two most common types, DLBCL and plasma cell neoplasms. For other selected subtypes, agespecific rates are shown for Asian ethnic groups with at least 1,000 total cases (Filipino, Chinese, and Japanese). A uniform scaling ratio (1 log cycle on the y-axis has the same length as 40 years on the x-axis, with a 10-degree slope representing an annual change of 1%) was used to facilitate comparison among figures for different lymphoid neoplasm subtypes [18] .
Results
A total of 5,254 malignant lymphoid neoplasms were diagnosed among Asians residing in the five SEER registry areas during 1996-2004, with Filipinos contributing the largest number of cases (n = 1,622), closely followed by Chinese (n = 1,451) and Japanese (n = 1,189) ( Table 1) . Overall, B-cell neoplasms constituted the majority (72-80%) of total lymphoid malignancies. Of B-cell lymphoid neoplasms, 28-40% were diffuse large B-cell lymphoma (DLBCL) and 14-24% were plasma cell neoplasms. Filipinos had the highest incidence of total lymphoid neoplasms (24.0), followed by Asian Indians/Pakistanis (23.2), Vietnamese (22.3), Japanese (18.9), Chinese (17.2), and Koreans (12.7). All rates were lower than the corresponding rates in Whites (35.8) ( Table 1 ). The incidence rates for B-cell lymphoid neoplasms mimicked the pattern of incidence among ethnic groups for total lymphoid neoplasms: Filipinos had the highest incidence (19.2) and Koreans had the lowest incidence (10.2). Patterns of ageadjusted incidence among Asian ethnic groups varied by lymphoma subtype. Vietnamese and Filipinos had the highest incidence rates for DLBCL (8.0 and 7.2, respectively), whereas Japanese had the highest incidence rate of follicular lymphoma (2.3). Asian Indians/Pakistanis had the highest rates of CLL/SLL (3.0), plasma cell neoplasms (5.0), and lymphoblastic leukemia/lymphoma (1.9).
Comparisons of incidence rates for each Asian ethnic group to Whites showed that the greatest differences occurred for CLL/SLL (IRR range: 0.10-0.52). Large differences as determined by the IRR were also observed for Hodgkin lymphoma (IRR range: 0.16-0.46). Plasma cell neoplasm rates were significantly lower among Koreans, Japanese, Chinese, and Vietnamese (IRRs 0.40, 0.48, 0.50, and 0.75), but not Filipinos and Asian Indians/Pakistanis (IRRs 0.93 and 0.98), as compared to rates in Whites.
Incidence rates by sex
For each Asian ethnic group except Vietnamese, the incidence of total lymphoid neoplasms was significantly different (p \ 0.05) between men and women, with M:F IRRs ranging from 1.4 to 1.6, comparable to the M:F IRR seen for Whites (1.6) ( Table 2 ). Other incidence patterns by sex among all Asian ethnic groups were also similar to Whites, including the highest male excesses for Burkitt lymphoma and mantle cell lymphoma. Notably, contrary to previous reports, we observed no differences between Whites and any Asian ethnic groups in incidence of all T/NK-cell lymphoid neoplasms, including peripheral T-cell lymphomas. Nevertheless, there were some differences in incidence patterns by sex between Asian ethnic groups compared with Whites worth noting. For example, among Whites, males have significantly higher rates of DLBCL and plasma cell neoplasms than females, but no significant male excess was observed among Vietnamese for either of these subtypes. In contrast, a moderate male excess is generally observed for follicular lymphoma incidence rates among Whites (M:F IRR = 1.2), but higher male excesses were observed among both Chinese (1.5) and substantially among Vietnamese (3.0). Vietnamese also showed no male excess for CLL/SLL incidence, in contrast to all other Asian ethnic groups and Whites. Finally, moderate but significant male excesses generally observed for Hodgkin lymphoma were not observed among Filipino or Asian Indian/ Pakistanis.
Age-specific incidence
Incidence of total lymphoid neoplasms increased monotonically with age for all six Asian ethnic groups and Whites. However, age-specific incidence patterns varied by lymphoma subtype (Fig. 1) . Incidence rates rose dramatically with age for DLBCL and CLL/SLL. Age-specific incidence for plasma cell neoplasms appears to rise more steeply and the slope of the increase appears to be greater than that for CLL/SLL to age 70. Similarly, follicular lymphoma, rates rose to ages 65-70, and then the rate of the increase slowed with increasing age. T/NK cell neoplasms were evident in childhood, in contrast to follicular lymphoma, CLL/SLL, Marginal zone lymphoma and plasma cell neoplasms that were absent in childhood. For lymphoblastic leukemia/lymphoma, the highest rates occurred in children, followed by a decline to lowest rates at ages 30-50, then an increase in older age groups. For Hodgkin lymphoma, the pattern was bimodal, with peaks for young adults and the elderly. For CLL/SLL, the difference in rates between Whites and all Asian groups increases at age 50 and older. Overall, inter-ethnic variation of age-specific patterns was not strikingly distinctive. Finally, we found incidence of total lymphoid neoplasms, B-cell lymphoid neoplasms, and DLBCL among Chinese and Japanese higher for those born in the US than foreign-born individuals (p \ 0.05) (unpublished observations). We note, however, that birthplace information for 24-37% of cases was unknown.
Discussion
Our data suggest that there is heterogeneity in age-adjusted rates and patterns by gender, and to a lesser extent by age, for lymphoid neoplasms in six Asian ethnic groups commonly aggregated under the single population group of 'Asian.' Notably, we observed important differences in male-to-female rate ratios for Asian ethnic groups. In contrast, we did not observe striking differences between ethnic groups for age-specific patterns by lymphoid neoplasms and their subtypes.
Understanding the male predominance of lymphoid neoplasms has been one of the most perplexing research questions in the field. The noted lack of total male predominance for specific lymphoid neoplasm subtypes within these specific Asian ethnic groups may therefore provide important clues to understand the etiology of these subtypes. For example, male predominance of lymphoid neoplasms, namely DLBCL and plasma cell, is typically observed for Whites. However, DLBCL rates were equivalent for men and women among Asian Indians/Pakistanis and Vietnamese, while plasma cell rates were equivalent for men and women among Koreans and Vietnamese. Identifying exposures that differ between White men and women but are equivalent between Asian Indians/Pakistanis and Vietnamese may therefore provide important clues to DLBCL and plasma cell etiology. In addition, no male predominance was also evident for plasma cell neoplasms or for Hodgkin lymphomas in Filipinos. In contrast, follicular lymphoma, which exhibits a less pronounced male predominance in Caucasian populations [1] , occurred more in Chinese and Vietnamese men than women, but had higher incidence in Asian Indian/Pakistani and Japanese females than males. Understanding the etiologies for follicular lymphoma may therefore be advanced by focusing on identification of risk factors that are more prevalent among Chinese and Vietnamese men than women or that differ between men and women for Asian Indians/Pakistanis and Japanese. Alternatively, the lack of difference between male and female incidence rates of T/NK-cell lymphoid neoplasms across all Asian ethnic groups and Whites may also provide clues for gene variants or exposures common or ubiquitous across all populations.
Since incidence rates for certain malignancies, such as breast cancer, are often higher in succeeding generations, for example, in Japanese immigrants to the US than in Japan [19] , we attempted to estimate incidence by place of birth and note the higher incidence of total lymphoid neoplasms, B-cell lymphoid neoplasms, and DLBCL among Chinese and Japanese higher among those born in the US compared to foreign-born individuals (p \ 0.05). However, we interpret these data cautiously because birthplace information for 24-37% of cases was unknown and all Asian ethnic groups may not consistently report information regarding place of birth [20, 21] . More complete place of birth information would be helpful in further clarifying the potential role of genetic or environmental risk factors in lymphoid neoplasms by Asian ethnic group.
In comparing the NHL incidence rates of US Asian ethnic groups to previously published international incidence rates [22] , we found rates substantially higher for US Vietnamese, Chinese, Indians/Pakistanis compared to ethnic counterparts residing in their countries of ancestry. Although international incidence rates for lymphoma subtypes were not available for comparison, incidence rates of multiple myeloma and Hodgkin lymphoma showed a similar pattern, with higher rates for Asians living in the US [23] . One notable exception to this general pattern was the similar Hodgkin lymphoma rates for Koreans living in the US as for those living in Seoul.
Study limitations include potential misclassification of ethnicity for cancer patients identified through populationbased cancer registration, including those whose ethnicity has or has not been identified on medical records [21, 24] and those who may not self-report ethnicity consistently [24, 25] . The increasing prevalence over time of SEER cases classified as 'Asian NOS' [26] may have resulted in slight underestimation of rates for all groups presented here, but it is unlikely to have biased ethnic comparisons, as this designation does not seem to differentially affect specific Asian groups [21] . The analyses are subject to some rate instability due to the small numbers of cases for some lymphoma subtypes. The data also do not fully capture information on nativity, and they do not include information on recentness of migration or other factors that may pertain to incidence trends [27] . We were unable to evaluate time trends due to significant changes over time in the reporting of Asian ethnicity, limiting our ability to obtain accurate annual population estimates. Most notably, whereas the 1990 census comprised single race groups, individuals in the 2000 census were allowed to self-identify with multiple races for the first time. Finally, we acknowledge that the acquired immunodeficiency syndrome (AIDS) epidemic and subsequent Highly Active Anti-Retroviral Therapy (HAART) may have influenced overall incidence rates or sex ratios for subtypes of lymphoid neoplasms. However, we believe that there is unlikely to be a pronounced effect for Asian-Americans as rates of AIDS are lower for Asian-Americans than other ethnicities [28, 29] and because AIDS rates do not appear to vary dramatically among Asian ethnic groups in the US.
Study strengths of our analysis include drawing efficiently on available data from well-maintained, reliable data sources in which bias regarding race/ethnicity and birth place has been well-described [20, 21, 24, 25, 27] . Our case data were drawn from five SEER cancer registries that together account for 59% of the total Asian population in SEER registry areas and 31% of the total Asian population in the US. For comparison, the proportion of total Asians living in the US accounted for in these five SEER registries, 31%, is higher than the proportion of the White non-Hispanic population, 23%, accounted for by the same five registries [30] . Therefore, we believe the estimates described herein generally reflect lymphoid neoplasm incidence rates in the US outside of these five SEER areas. Finally, our use of the average population (between single and multiple races) allowed us to use all available data; we note, however, that results were similar when we restricted to single ethnic groups or to multiple ethnic groups.
In conclusion, we observed variations in patterns of incidence rates of selected subtypes of lymphoid neoplasms and male to female incidence rate ratios for and among these six Asian ethnic groups living in the US. These differences suggest that comparisons of genetic and environmental factors across Asian populations within the framework of analytical epidemiologic studies could yield important etiologic clues toward understanding the etiology of lymphoid neoplasms. Future efforts to evaluate time trends for lymphoid neoplasms by Asian ethnicity would also be informative.
